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A B S T R A C T
Introduction: In CLRE speciﬁc learning difﬁculties andmotor problemsmay occur. The aim of this study is
to examine whether CLRE or the accompanying speciﬁc learning difﬁculties are associated with the
occurring problems in motor function.
Methods: Motor functioning in 140 childrenwith CLRE andwithout epilepsy, aswell aswith andwithout
speciﬁc learning difﬁculties is compared using Chi-square.
Results: In the CLRE group 35% score below the 5th percentile (poor motor function). No correlations
with epilepsy variables or the occurrence of speciﬁc learning difﬁculties is found.
Discussion: A subgroup of about one-third of childrenwith CLRE are at risk for poormotor function. Their
development is best monitored using a multi-dimensional approach, including cognitive development
and motor functioning.
 2010 Published by Elsevier Ltd on behalf of British Epilepsy Association.
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Problems with both cognitive and motor development have
been reported in children with epilepsy, even in children without
obvious neuroimpairment.1–3 Many explanations can be proposed
for these problems. They may reﬂect brain dysfunction that is also
held accountable for the epilepsy. They may be a side-effect of the
antiepileptic drugs (AEDs).1,4 They can be also a direct effect of the
epileptic seizures, and therefore be related to the severity of the
seizures, or to factors such as seizure frequency and seizure type.1
Also, the localization of the epileptic focus might be important.
None of these explanations have been conﬁrmed indisputably.
Motor development and cognitive development are presumed
to be interrelated. Many children with problems in cognitive
functioning have problems with their motor functioning as well. A
combined development through which both functions can be
affected by a common factor is suggested. However, it is not clear
by which mechanism5 up to one-third of children with epilepsy is
diagnosed with cryptogenic localization related epilepsy (CLRE).
This type of epilepsy has a focal origin of seizures and no speciﬁc
cause is known for the epilepsy. No unequivocal prognosis exists* Corresponding author. Tel.: +31 402279225; fax: +31 402260426.
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doi:10.1016/j.seizure.2010.06.003for these patients. The clinical prognosis is assumed to be in
between the benign epilepsies and the more malignant epilepsies.
Patients are diagnosed with CLRE following the 1989 revised ILAE6
classiﬁcation, provided that there is nomental retardation (MR), no
MRI abnormalities and no neurological disorders, except for the
epilepsy. However, speciﬁc learning difﬁculties and motor
problems may occur, as observed in children with other types of
childhood epilepsy. As there is little literature describing the
course of CLRE in childhood,3 much less is known about the motor
development and possible disruption of motor development in
these children.
In this study we describe the motor functioning in 67 children
with CLRE and try to answer the question whether the epilepsy is
associated with motor functioning.
2. Methods
2.1. Design
CLRE patients are compared to controls with regard to their
motor functioning, the occurrence of learning disorders and the
correlations between these characteristics. For this study, a
systematic cross-sectional open clinical and non-randomized
design is used.Epilepsy Association.
Table 2
Motor functioning as related to CLRE.
Motor functioning Controls
(n=73)
CLRE
(n=67)
p
Total score mABC5th percentile 16 (21.9%) 24 (35.8%) 0.092
Manual dexterity score5th percentile 13 (17.8%) 17 (25.4%) 0.308
Ball skills5th percentile 21 (28.8%) 20 (29.9%) 1.000
Balance5th percentile 13 (17.8%) 13 (19.4%) 0.831
Table 1
Demographic characteristics of the cohort.
CLRE group Control group
N 67 73
Age
Mean 9 years (107.8
months; SD 24.8)
9.1 years (109.2
months; SD 25.5)
Gender
Girls:boys 35:32 31:42
IQ
Full-scale IQ 91.2 (70–120; SD 10.5) 91.8 (70–131;
SD 13.4)
Seizure type
Simple partial seizures 4 (6.0%)
Complex partial seizures 31 (46.3%)
Secondary generalized seizures 16 (23.9%)
Missing 16 (23.9%)
Frequency of seizures
Seizure free 14 (20.9%)
Low seizure frequency 10 (14.9%)
High seizure frequency 27 (40.3%)
Missing 16 (23.9%)
Duration of epilepsy
Mean 4 years (50.7
months; SD 37.8)
Antiepileptic medication
No antiepileptics 7 (10.4%)
Monotherapy 32 (47.8%)
Polytherapy 12 (17.9%)
Missing 16 (23.9%)
Learning disorder
No disorder 9 (13.4%)
Attention Deﬁcit Hyperactivity
Disorder (ADHD)
5 (7.5%)
Non-Verbal learning
Disorder (NLD)
6 (9.0%)
Autistic spectre disorder (ASS) 0
Dyslexia 2 (3%)
Language disorder 4 (6%)
Psycho motor retardation 10 (14.9%)
Cognitive disorders 20 (29%)
Behavioral disorders 11 (16.4%)
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Patients who were referred to our epilepsy centre for a child
neurological programme were consecutively included. This
programme exists of clinical and neurophysiological assessments,
a neuropsychological test battery, and motor function screening.
Children included in this study are considered as representative for
the entire CLRE population because our tertiary centre is easily
accessible for both secondary and primary centre referrals. After
screening, patients return to their former physician.
Inclusion was considered whenever a diagnosis of CLRE was
made or conﬁrmed by a (child) neurologist at our epilepsy centre
using the ILAE classiﬁcation,6 i.e. localization related epilepsy
presumed to be symptomatic, but without a known aetiology.
- Inclusion criteria for this study: age at admission 6–16 years,
neuroimaging (CT, MRI) without abnormality.
- Exclusion criteria: IQ < 70, neuroimaging abnormalities, signs or
symptoms of brain pathology other than epileptic seizures, any
other neurological disease.
Children, who were referred to our centre, with a suspicion of
epilepsy but who did not have epilepsy or any other neurological
disorder, were considered as a non-epilepsy surrogate control
group.
2.3. Assessment of cognitive functions and learning disabilities
The full-scale IQ (Wechsler Intelligence Scale for Children-
Revised for The Netherlands, WISC-RN) was used. A speciﬁc
learning difﬁcultywas diagnosedwhen a child had amean IQ in the
normal range, but with speciﬁc difﬁculties in learning behavior,
resulting in problems with certain skills learned at school.
2.4. Screening of motor function
For the assessment of motor functioning, the Movement
Assessment Battery for Children (mABC) was used.7 This test
battery is a screening instrument for motor development. Using
standardised norm values, the achievements of a child can be
compared to those of peers. The test yields a total score, a percentile
score and also percentile scores per age-striatum regarding three
subdomains: manual dexterity, ball skills, static and dynamic
balance. Motor functioning is regarded disturbed when a child
scores on or below the 5th percentile. Percentile score on the total
mABC battery as well as percentile scores representing the three
subdomainswere used as outcomemeasures formotor functioning.
2.5. Statistical analysis
Groups with and without epilepsy, and with and without
learning disabilities were compared using Chi-square, two-sided,
alpha set at 0.05.
3. Results
In total, 140 children were included, 67 with CLRE and 73
without epilepsy. The groups did not differ signiﬁcantly for gender,
age and IQ (see Table 1). Both groups have IQ scores in the normal
range (mean IQ children with CLRE: 92.2, SD: 10.5; mean IQ
children without epilepsy: 91.8, SD: 13.4), have a comparable
distribution between girls and boys and are on average 9 years old.
Results of the mABC are presented in Table 2.
Impaired motor function (deﬁned as scoring below the 5th
percentile)was observed in 35% of the childrenwith CLRE. Althoughthis percentage was substantial higher than in the control group
(21.9%), this difference is not statistically signiﬁcant (p = 0.092).
The percentile scores reﬂecting the subdomains manual
dexterity, ball skills and balance did not show any signiﬁcant
difference between controls and CLRE patients.
Furthermore, no correlationwas found between a diagnosis of a
speciﬁc learning difﬁculty and motor functioning within the CLRE
group (Pearson correlation: 0.038; p = 0.76).
4. Discussion
More than one-third of our CLRE children are found in the group
demonstrating impairment of motor development. However, in
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difference is not statistically signiﬁcant. Previously, we described a
group of CLRE children as part of a more general cohort of
childhood epilepsy.2 In this study we also did not ﬁnd disturbed
motor function for our group on average if compared with the
controls. Gloersen et al.8 found over half of their cohort to have
motor difﬁculties when screened using the mABC. These difﬁcul-
ties were predominantly found in the children with MRI-
detectable lesions and children with symptomatic epilepsy. There
was no correlation with AED treatment or with seizure frequency.
Beckung and Uvebrant1 also found abnormal motor function,
mainly in gross motor function, balance and coordination. The
children in this cohort were also without MR or obvious
neuroimpairment. They found a correlation with duration of
epilepsy, as well as with treatment. Children with monotherapy
performed better than both children with polytherapy as well as
children without therapy. This suggests an effect of uncontrolled
epilepsy on motor functioning of the child. We did not ﬁnd this in
our other study, wherewe tried to correlate epilepsy variables such
as age at onset and seizure frequency, to motor function as an
outcome measure.9
By deﬁnition, children with CLRE have no focal neurological
deﬁcits. Neurological soft signs as observed by the neurologist, are
acceptedwhen considering CLRE as diagnosis. Poor motor function
as an outcome of this test battery could be regarded to be among
the more subtle dysfunctions regularly labeled as ‘soft signs’.
Children with CLRE therefore have no gross psychomotor
dysfunctions, but do encountermore problems in daily functioning
than do children in the general population.
A limitation of our study is that, with 20% of our control group
showing motor difﬁculties it is clear that this is not an unselected
control group. The childrenwere originally referred to our epilepsy
centre because of a clinical suspicion of epilepsy. Although no
diagnosis of epilepsy was given in this group and the children did
not have other neurological deﬁcits, they may not be fully
comparable to the general population. Additionally, the male–
female distribution in the control group is signiﬁcantly different
than the distribution in the general population of children this age.
The use of surrogate controls and aberrant distribution of male/
female ratio, might have prevented signiﬁcant differences to be
found.
Generally it is assumed that children with epilepsy are at risk
for learning problems, whether it is learning disability or speciﬁc
learning difﬁculties.10 In our study group learning difﬁculties are
diagnosed in themajority of the children. This offers the possibilityto analyze the correlation between epilepsy, learning difﬁculties
and motor functioning. In this study, no correlation was found,
which concurs with research studying the correlation between
motor and cognitive development regardless of epilepsy.5
Although no correlation is found between the epilepsy and the
outcome of motor function, the increased frequency compared to
the general population (i.e. the norm group of the Movement ABC)
does point out vulnerability in a subgroup of these children. Not
much is known regarding the prognosis of children with CLRE.
Neither the course of their epilepsy, nor the outcome regarding
neurological, psychomotor or educational outcome have been
studied elaborately, but it is becoming more clear that the course
for a subgroup of these children is not purely benign.3,9–11 No
neurological impairment – by deﬁnition – is found in this group,
but the mild motor impairment may be seen as neurological ‘soft
signs’ and therefore a group of children may be at risk for
developing a more serious epilepsy for which these motor signs
may be the ﬁrst symptom.
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